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STAFF STUDY CRITIQUE ON MINIMUM IMAGE INTERPRETATION
PREPARED BY SPECIAL PROJECTS DIVISION OF DMIM

The concept of Minimum Image Interpretation is basic to photographic
interpretation of small scale photography and the paper should be ex-
Panded into a study of the diagnostic features of various types of
installations for training and ID purposes to be used as check-off lists
in operational exercises. However there are some errors in the paper
in its draft form.

Paragraph 1 of Al Discussion contrast usually varies inversely
with resolution and smaller scale.
Paragraph 2 of Al Discussion Better describes Ops Support

in proper context and differentiate between contribution of PI

detailed report and other source material. (where and what to look

for).

Paragraph 3 Can expand list to include location/function
orientation, etc.

Section D, paragraph 2 Diagnostic features are usually derived
from PI Detailed Reports and analysis of large scale photography or

other inputs such as engineering diagrams, flow patterns. For
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the most part the only complex things that can be described on
minimum detail photography are those things which have been previously
described, analyzed and synthesized on large scale materials.

PART II CRITIQUE ON AUTOMATIC HANDLING SYSTEMS
REQUIREMENT FOR PIC

The ultimate image and mirror image categories are not well identified
and are imaginary perhaps because everything that we have learned seems
to negate these hypothesis. The eye is very limited in resolution and
sensitivity when compared with the photograph/camera system and the brain
has a poor retentive memory for detail. The mirror image on the other
hand has the optical property of doubling ﬁhe objective distance making
it less desirable than the direct view. (This is taken from the context
of the following paper.)

There are few criticisms of the rest of the paper except that it
is implied that the scanning function of PI requires as much or more

quality than detailed analysis and of course this is not the case.

()

PART TIT MIRROR IMAGE QUALITY CONCEPT .

A satellite mirror would need to be placed at 22,240 miles from the
earth and observing this reflective surface under ideal theoretical con-
ditions with the 200" Mt. Palomar telescope would give a ground object

size for detection of 3> 1500' on a side.
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i« INTRODUCTION

Usually higher immage quality handling requires a higher priced
handiing system. For economic reasoms, it ls necessary to

determine the miniznum image quality acceptable with respect to
’ the functiomal applications of the PIC.

Where lower levels of image qualities are accepted for performiny
certain functions, it may be uneconowmical to employ the wee of &

higher level iznage quality film handling system in that area. It
must be remembered that the minimum image quality required
for performing various functions is variable. The minimem image

quality required may, in many instances. be of an extremaely high
nature.

This report will lay a basts for determining minimum lmage quaiity

necessary for performiag various PIC functions and. in turn, wil,
dictate part of the automatic handling system requirements.
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A ~amiliarization of Photo laterpretation

i. Minimum Image lntﬂrmuon

on stereoscopic viewing of nhotography which »ay ot
an almost infinite amount of detail. The interpreter
uses identification clues that characterise {nataliat o
components which, ia turn, allow him to identif, and
describe the installation. These components ara
{requently very small, have high contrast, have »i;."lic.
height, etc. These typss of compeonents may Or may

not be recorded on small scale photography, thereby
limiting their use as universally applicable clues o
{dentification. It is, therefore, necessary to util.r-
unique and characteristic clues which have & high
probability of beiag recorded on small scale photoyranuy
The sstaimun image concept is & method of deter~r i1
and using those components, patterns, and assncistions
which are characteristic of and unique for speciflc types
of installations and which have a high probability of being
avallable to the interpreter from small scale photograg

' Conventional interpretation techniques are baseld pris v .

The task of detexrmining the minimum required featu:e:
for a particular target type s called "operations su. ..t
The name, operations support, is derived fromm the fi.:
that this operation can be accomplished prier to ths
acquisition of small scale photography. The firet stop

Ls to ccllect conventional scale phetographs of a lar;e
representative sample of that type installation. This
sample should iatlude as much variety as possible,
including different sizes and complexities of installer v s,
varicus eavironments, countries, seasons, etc. Tne
greater the variety of examples studies, the more ¢ s
the compiler will be that he is including all significa .-
aspects of that type of installation.

The next step 15 to determine if the largest feature '+
unique and characteristic of the iastallation and if it

has sufficlent contrast to be recorded on small rcaic
photography. If it satisfles these requirements, it .u

oz.
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the minirnwn imagery required for dJdentificai .

If not, it lg necessary to determine what othar w ., «
bright object must be added to the first to provids
identification. In most cases, it will be necessa ., ¢
proceed dowr the line {rom the largest object a-d .
the object with the highest contrast, until & comirat .
is found which is unique and characteristic and alsc ».'.
b¢ recordsd on small scale photography. Unique and
charscteristic means, in sffect, that itams or corabinatl.
of items, patterns and associations, are truly repre-
sentative of the installation but do not oceur in the

same manner in other installations, i.e., & roundhcus:
{s both characteristic and unigque te railroad repai:
installations - mo other industriés have themm. There
are undoubtedly certain types of installations where cus
small items are the minimum required ideatificaticr
clues, ia which case, extremaely good reselution is
required. The comcept, however, is to determine
idantification cluss which will impose the least
resolution requirements on the photo acquisition systeu

The tochnique of using these groes, unigue, and chare ve: . !

features for identification of an tnstallation 1d the subj«
of the following section; however, to make the sectior
fully cornprehensible, it s [irst necessary to define
three terms: detection, recognitien, and identification

a. Detection (s the lowest level of interpretability,
where the mere presence of an item {e sensed,
but the shape and/or {dentity {s not necesss:ily
determinable. Detectability is not a functior of
the photegraphic system alome, but is dependen:
upon the combdined operation of the systers, nius
the observer. In other words a detectable (tui:
must bave sise characteristics compatible wiih
the ground reselution parameters of the system
dnd the systam must record the {tems with sufiici- -
contrast to render It dlocernibie from its backy:o . !
by the buman eye. '

b. Recognitionp is the level of interpretability wher.
the interpreter can dotermine the true shape of
_ the plan view of an item, l.e., circular, oval,
squars, etc. Recognition of an item ie affectsc

=3
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ny tiree Of theo iten:'s characteristics: ..»
mialmum dirnension, {ts conirast, and ite
aspect ratio (aspect ratio is defined as the
length of an itemn divided by ita width).

c. ldentification is the lavel of interpretability
' whereby & trained interpreter can appiy a descoiny ¢
functional name to an {tem, i.e., building,
fabricatien building, rallroad, river, sarth
scar, otc. ldentification ig the sum of the
image content of the photography plus the
training and experience of the interpreter.

2. Interpretation Techniques

The basic premise of the interpresation is that the
interpreter must rely on those interpretation clues

wiich have a high probability of being imaged on limived
content photography. These clues are frequently

different {rom those primarily used for conventivna.

scale photography and the followiag techniques for amili
scale interpretation are based on the use of these

differeat primary cluss. These techniques are, ina s2:. .,
meantal processes which guide and channel the interp:eto -
effort to find moeaningful images on his photography.

Thers are, in effect, four interpretation techrique:

useful to the interpreter: diagnostic feature analys:-,
pattern analysis, association analysis, and integratic .

of any two or three of the above.

8. %mﬂc Feature Mgou is defined as a tecn: .
of interpretation wher an installation may L+
identified by recognition or detection of & minir vt
aumber of large, unlike slements which, individ.»
or {n combination, are chasacteristic of only one

type of installation.

Most installatione are composed of many difis:.
of components which are essential to the oper.
of the installation. Howaever, it is knowu thu:

\n many cases L is necessary to recogniza oni:
a minlmum number of the components tc identii -
the installation. If a type of ingtallation las %3
own Yset' of dlagnostic features which, in t'.¢i.

de
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vorc &l arrangement, xre cliv vbcterial. s

unique to taat type of (nstallavion. & trar. sl

interpreter can tdentify it by recogniziny o~y

this minimum number of features. Thesa d.a;vi s

features would ba selected by pre-analysit 26

for their validity as diagnostic features and fc-

their probability of being recoeded by a photopzayi.

systern. In this light, many of the selectea
. diagnostic features would be large componaants

aad/or these components with linear characteriatli.:
For idemification, it is not necessary for th.«
photographic system to recerd the true shape uf
all of the diagnoetic features of an Installatior,
certain of these features need merely to be
detectable. Interpretation of these datectaric
features is possible, in masy cases, due to their
characteristic arrangement, For exampls,
diagnostic {eatures "A" and "B' are recognizabls
as to their true shape and thers is a deteclaiiie
“blob’ in a characteristic pesition with referven ..
to "A'" and ""B", it can be isferred to be diagnuatic
feature”C". The number of dlagnoetic {eptucas
which need t0 be recognisablie 28 to their true
shape versus those which need oanly to ba deie il

depands wpon the variability of arraagement of the
features in 8 given type of installation.

b. Pattern Analye#is is defined as an interpretsticu
technique whareby an lastallation is tdentified Ly
s unique and characteristic pattern formed oy
similar components which are not necessari!l,
identifiable tadividually. -

if an installation consistently evidences a
characteristic pattern and the pattern is urigue,
then the pattern will provide tdentification of the
{nstallation, A number of similar objects or
groups of similar chjects bearing a particular
spatial relationship to one another creato the
pattern. Ordinarily, the spatial relationshi; uf
the pattern elements is sufficlestly distin tive v0 o,
only minimum iaformation concerning sz~ anc
shapse of the pattern elements is needed. Jhir
{illustrates the virtue of pattern analysie frum e
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wmage efficiency standpoint, thatis, in nios: can-:
mere detectabllity of the pattern slements o al:
that is necessary to maks the techaique woikan. :

To be identifiable through pattern analysis, un
installation must exhibit a pattern which is chrarun:
teristic of the installation aad unique in the

universe of patterns. After examiastion of &
sumber of examples of an iastallation (pre-aza’ysis
the pattern of ons of the examples, or a simulated
pattern, may be set up &8 aprmal. Most instalisui:
will exhibit patteras which vary slightly {rom the
normal. The normal pattera must be estabiished
with indications of the limit of the variations tu

be expected in the spatial relationship of the

pattern slements. Two installations may ha.:
pattera elements of the same magnitude anc shaye
and similar, but neot identical spatial relationship
(in the mathematical sense). Unless limits sre
placed on the variations to e expected iv the spativ:
relationship of the pattern elements, the wo
imstallations might be confused.

c. Aq% mﬁm is an interpremtion techniqus
wher el cation of an installation is
deduced from the known asseciation of idenufic !
itezns outside the instalistien.

We know that most man-made items have a function.
assoclation with other man-made featurss and wits
their environments. Many of the associated iteme
ars more susceptible to detection and recognition
then the installation itself, sspeclally when dealing
with degraded images. Progress is made by e
use of this techaiqus only when a definitive
association exists and whea the associated (tem: s
are more casily identified than the installation.

The techaique (s blso wseful in thwarting camoutiag.
attempts and in isterpretasion of photography take::
through scattered clouds.

The association andlysis oghaique dves not always
yield a single, positive i@entification, but oiten

o
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dnrap aliow condinement 1o & small yroup o
possibilities. With & little additional infori a2t
s final idestification can often-be made.

d. Integration of Toc%uu is the use, in comtiiannic
ol any twe or three of the heretofore descri™ed
techniques (i.e., Diagnostic Feature Analysia,

Pattera Amalysis, and Assoslation Analyiis) v
the (dentification of an installation.

A large group of installations may et be Wantd el
by the use, lndividually, of dlagnostic fenture
analyeis. pattera asalysis, or sssoctatior. anu’y s
However, by using any two or all three of the
technigues togethar, these imstallations sy i °
identified. Even in cases where ons technlqus
aleas permits identification of an installation,
integration of techaiques may de more rapid o1
mors officient. There ls & geneval tandevc)
for the integration techniqae to become relati e,
more useful as image Juality bscomes poorer,
s. g, tven the largest diagnastic {eatures nay be
lost where image quality is poer. Thus, resc:ti
is made to an integration of techniques which ci.le
pattern and/er association analystis for
additional information.

-
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stonomrearorioade D thet & calalmun. woaege qualdits rzﬂ"ﬁ cel
viom o PAC footione e sstaclisned.

Upon sitanlishbng lavels of moininam tmage qualities and uu: .
decavninaticn for jutuyinq automatic handliag systems may | .
sccomplishes.
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AUTOMATIC HANDLING SYSTEMS

REQUIREMENT FOR THE PIC

Prepared by
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Voa ’ma;o t;‘.&iuirsn'.oma

‘.ee of the most impartant roles played In the 710 v 2o
by the Fhots interposter and it e basically hid seal "l o
Jictates the high image quaiity autcmation dats Lanae.d.
requirernent,

‘The type ans quality of photo image the PIC requires foum o de
to a great extent up<t the functions of the PIC as wsll 2
various personnel abilities. Regardless of the astemai ..
sandling system designed, it musi satisly image quality =
quirements., It ia therefore mecessary to define the in &
quality requiremaen:s in ordet to justify any handling sy wrro

The image quality required for the PIC ranger from t,tu‘
highast leve! whick wnay be considered as the actual cea;
image, down to the lowest level of image quality whick :ay
be considered as & maere verbal or written docurment iv.ier -
pretating & mental images.
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La w.mlutwu. the present Miintcard o atern wili ~ot satizis &
ificant perceatage of scan, searck and photagramnicts o

ri ‘«.Aumcua. although it (s a justifted automailc bandizny a5 e

\nasmueh 86 it doss significantly satisiy other functiona. s e

e ‘o areas of reporting, correlation, data ressarch, etc. - .
of systams dezig elfort expended ia the various autematis b
eystams areas should be compatible with functiesal use lx“! Voggues s o e

Inssmuch a8 larger amounts of flim handling im the Coaveniiciaw. . -
Cruality level are contemplated, it is Lmportant that sigeificr.r wmo
of ayatems sifort be stresssd ia the ares of automatic handlisy ui
Couventionsl Image Quality filma. R is ast &8 important to 3 =8
systems offert ln the ares of autematic baadling of Transfoc:ne? 1
Suality or lower inage quality aress inasmuch a» a significar: soe

ol cutside eifest Bas been and ie being speat in this ares.

.,ouvtudom! Dmage Quality i will require autematic handling wi -
in tars, will require pretective provisions by fluid and/or ala:ico.
means in evder to maintain the quality level.

Conventienal, Transformed, Qraphic, and Interpreted Image "'usli -
sutcraatic handling systems will require proper indegrationr it ova:
avold efficiency penalties. This litegration requirement, .iii-h a°
inc lude NPIC, 1a justified due to tha costemplated incresss i: worh...

e,
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PHOTO INTERPRETATION BY

MIRROR IMAGE CQUALITY CONCEPT
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ooty ave Critical ociaslcns wnere the hoghest duayge quaaily s
reqaived in high leveis of photo tnilerpreatation where an alinost
inCra s amount of detail is required in order to satiefy the
ctailigence naeds.

Jais rsport deacribes a conceptusl solution in possibly meeting

the Tequirement for obtaining and handling "mirror quality imac: .
"Mirror image quality’ (s considered ss the highest image quality,
second only to the actual viewing of an item.
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boarsor Arnags Qumlivy techalgues are required whan converid

: sivage Juality photo (nterpretation fails even wncor sall ents
sdvanteges due to insufficlent amount of detailed informatic
reeo -ged.

A coutly problem in obtainiag mirror image quality is mainiy o
the tmage acquisition area. Upon acqulsition, haadling tecrni.
sare reguired to maintain quality.

At prasent, photo plates have capabllities of recording 2800 1ov v
ser . and 300, tone shadex of gray, thus making a total »ou. -
¥ i, 17%, 000, 000 {rfcrmation units per square m:n. of blace o

Cahiv: cortinuous tone recording capability. This high quailt.
sushking the state of the ari; however, even the highest photo p 7
quality may be unacceptadble for "mirror lmage guaiity" besso
photo processing ie too great a degradation seuxce.

it ie knowsn that the state of the art now possesses high quali’;
seirrovs which degrade imagss to a nsgligible amount, thur
aillowing an almost infinite amount of information units per 1o -
mm. 56 small s the degradation that aven celor is negligibiy
degraded.

The United States plans to send up four statienary man-made
satellitas for navigational and communication purposes. It n.a.
be sdvisable to investigate this area to determine the foasibili v
of {ncorporating controllable mirrors on these stationary man-
made satsllites. Then, by tclescopic means, direct remote il
may take place.

ke
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It is »roposed that an investigation be made to determine the
feasilitlity of "mirror image quality’ using the scheduled
statichary satellites as a space platform.
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In the past intelligence acquistion took place by observing the actual object

under consideration. The image quality was very high with little or no

image degradation.
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As resi Ce ot S PVAL: 11t oo , )
stan-e to obgervation took place inteliagence acguistion from remote

areas by means of direct viewing aids became nocessa ry
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Resistance to direct intelligence acquistion improved, causing other and

impruved means of intelligence acquistion. As a result photo intelligence

was originated.
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As resistance improved photo intelligence metnods also improved.
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You too may recall that resistance improved to such a point that sig‘icant

photo igteliigenes Improvenmints 84 ¢ X BB 8804770A002500060002-8




Recail man-made Satellite scheduled for navigationai and communications
purposes will appear stationary, approximately 25,000 miies from the surface

of the earth in an orbital direction compatible with the rotation of tne earth.

Improvements in the future may again cali for dircct inteiligence acquisition
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methods.
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